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Polariton lattice condensates provide a platform for on chip quantum emulations. Interactions in extended
polariton lattices are currently limited by the intrinsic photonic disorder of microcavities. Here, we fabricate
a strain compensated planar GaAs/AlAs microcavity with embedded InGaAs quantum wells and report on
polariton condensation under non-resonant optical excitation. Evidence of polariton condensation is supported
spectroscopically both in reflection and transmission geometry, whilst the observation of a second threshold to
photon lasing allows us to conclusively distinguish between the strong- and weak-coupling non-linear regimes.
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Exciton-polaritons are bosonic light-matter quasi-
particles formed from the strong coupling between quan-
tum well (QW) excitons and the photonic cavity mode of
a semiconductor microcavity (MC)1. Increasing the po-
lariton population, the bosonic build up of particles in the
ground state of the dispersion gives rise to an inversion-
less amplification of the polariton emission2. This ground
state population build up has been widely confirmed as
the solid state analogue of Bose-Einstein condensation
(BEC)3. Solid state polariton condensates have been
used to explore fascinating concepts such as superfluidity
and quantum vortices in polariton fluidics4,5. The BEC
phase transition has been demonstrated in a wide range
of materials. Condensation at room temperature under
optical excitation has been reported, already from 2007
in GaN MCs6 and more recently in ZnO7 and organic
systems8,9. In III-V materials, polariton condensation
and lasing has been reported in MCs with GaAs QWs10.
The implementation of electrically injected polariton con-
densates has also been reported in GaAs systems11,12 and
recently in a GaN microcavity at room temperature13.
From these materials the class of GaAs microcavities is
currently the preferred system for the study of polariton
fluidics due to minimal photonic and QW disorder and
highly controlled fabrication processes. GaAs-based MCs
can be further optimised by engineering strain compen-
sation in the cavity mirrors14.
Here we report on polariton condensation in a planar,
strain compensated 2λ GaAs/AlAs microcavity with em-
bedded InGaAs QWs under non-resonant optical exci-
tation. Strain compensation is achieved by embedding
a 1.3nm AlP layer in the center of the AlAs layer of
the distributed Bragg reflectors (DBRs). The bottom
DBR consists of 26 layers of GaAs and AlAs/AlP/AlAs
a)Electronic mail: Alexis.Askitopoulos@soton.ac.uk
while the top has 23 pairs as shown in fig.1a, resulting in
very high reflectance (>99.9%) in the stop-band region of
the spectrum as shown in fig.1b. Three doublets of 6nm
In0.08Ga0.92As quantum wells are embedded in the GaAs
cavity at the anti-nodes of the field as well as two addi-
tional QWs at the first and last λ/4 of the cavity volume
that serve as carrier collection wells and are not strongly
coupled as they are at the minimum of the cavity field
(fig.1c). The relative large number of QWs in the cav-
ity is expected to maintain the exciton density per QW
lower than the Mott density15 and preserve the strong
coupling regime to sufficiently high polariton densities
to achieve polariton condensation. Strong coupling be-
tween the exciton resonance and the cavity mode results
in a vacuum rabi-splitting of ∼ 8meV (fig.1d). A wedge
in the cavity thickness allows access to a wide range of
exciton-cavity detuning conditions (-8 meV to 1 meV).
We obtain a lower estimate of the Q-factor of ∼ 5500
at -8 meV where the lower polariton branch still has an
exciton fraction of 14.6%.
The experimental setup consists of a low noise cold fin-
ger cryostat where the sample is held at ≈ 6K and the
optical excitation is tuned to the first reflectivity mini-
mum above the cavity stop band as shown in fig.1b and
focused at the top surface of the sample. As the emission
energy of the InGaAs QWs is lower than the absorption
of the GaAs substrate we can study the photolumines-
cence of the sample both in reflection and transmission
geometry. Extracting the upper and lower polariton en-
ergy around k = 0 for several positions on our sample
we construct the energy diagram for different detuning
conditions and detection geometries shown in fig.1e .
In order to achieve condensation in the bottom of the
dispersion we excite our sample with a 35µm spot at
FWHM. Smaller excitation diameters result in conden-
sation at a high k-vector due to a steeper potential pro-
file induced by the repulsive exciton-exciton and exciton-
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Figure 1. a) Schematic representation of the microcavity structure and condensate emission. b) Calculated reflectivity of the
cavity stop band with the transfer matrix method (black line) and corresponding energies of pulsed (red) and CW (green)
excitation. c) Schematic of the position of the QWs in the cavity and the corresponding square of the electric field of the cavity
mode. d) Polariton dispersion below threshold in a logarithmic false colorscale. The white dashed lines depict the bare exciton
and cavity modes and the blue and red solid lines are the calculated upper and lower polariton modes. e) Upper and lower
polariton energy at normal incidence for different detuning conditions (purple, blue lines respectively) and the values recorded
from the experiment. The error bars correspond to the FWHM of a gaussian fit to the spectra, while the dashed green (red) line
marks the bare cavity (exciton) mode. Square (triangle) symbols mark the reflectivity (transmission) detection geometry, while
experiments conducted with pulsed (CW) excitation are shown in red (blue). Filled symbols mark the detuning conditions,
where we observe polariton condensation.
polariton interactions16. The optical excitation is pro-
vided by a 180fs pulsed Ti:Saph oscillator at a rep. rate
of 80MHz. The non-resonant pulse excites an electron-
hole plasma that rapidly relaxes to populate the polari-
ton dispersion and uncoupled exciton reservoir. As the
density of polaritons is raised the relaxation efficiency of
polariton-polariton scattering is increased until the relax-
ation rate to the ground state of the lower polariton mode
is sufficient to overcome the radiative decay of the system
that results to a macroscopic ground state population3.
Fig2.a shows the polariton dispersion detected in the
transmission geometry below threshold, where the up-
per polariton branch is also visible (the intensity of the
upper polariton image is magnified 100 times). Gradu-
ally increasing the optical power we observe a threshold
(Pthr = 26µJ/cm
2) beyond which the emission shrinks
in momentum space as shown with the k-space intensity
profiles in figs2.a,b,c. In figures2.b,c we have magnified
the intensity above |2|µm by 100 and 200 respectively,
to clearly show that the excited population is strongly
coupled following the lower polariton dispersion. The
spectral properties of the k = 0 energy state of the po-
lariton dispersion indeed display the predicted features
for polariton condensation, namely linewidth narrowing
(fig.2d), a blueshift of the polariton mode (fig.2e), and
a nonlinear increase in intensity (fig.2f). Beyond thresh-
old, strong interactions between the polariton condensate
and the co-located dark exciton reservoir further broad-
ens the emission linewidth of the condensate as shown in
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Figure 2. Lower polariton dispersions below (a), at (b) and
above threshold (c). C and X mark the cavity and exci-
ton mode respectively. In (a) the upper polariton mode is
also visible where the intensity is scaled up by 100 times. In
(b),(c) we have magnified the intensity of the higher wavevec-
tors by 100 and 200 respectively to clearly show that the ex-
cited states follow the polariton dispersion The insets are the
corresponding K − space profiles. Linewidth narrowing d),
energy shift e) and intensity dependence f) versus threshold
power for the Ek=0 of the lower polariton branch.
fig.2d17. The continuous blueshift of the polariton mode
above threshold is a good indication that the condensate
has not entered the weak-coupling regime18.
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Figure 3. Integrated intensity and linewidth for increasing
power marking the transition to the photon lasing regime.
Moreover, unambiguous evidence of polariton conden-
sation is provided by the observation of a second non-
linear threshold in the intensity upon which the system
crosses to the weak coupling regime19. To achieve the
excitation density required to drive the system from the
strong to weak coupling regime we focus our excitation
beam down to a 2µm spot at FWHM. With increas-
ing excitation density the non-linear polariton dispersion
switches to a weakly coupled cavity mode. To record
the evolution of the photoluminescence intensity between
the two regimes we integrate the emission over the en-
tire lower polariton branch. At approximately 20 times
above the threshold for polariton condensation we ob-
serve a second nonlinear increase associated with a a
further linewidth narrowing (fig.3). We note that in-
tegrating the emission over the lower polariton branch
considerably broadens the measured emission linewidth
and reduces the intensity offset between the linear and
nonlinear plateau. This second nonlinearity is attributed
to the transition to photon lasing, where the coherent
emission originates from stimulated amplification due to
population inversion as in the case of a VCSEL. We note
here that this is the first observation of a second thresh-
old in planar microcavity that is clearly associated with
a substantial linewidth narrowing.
In conclusion, we have presented experimental evi-
dence of polariton condensation in a strain compensated
GaAs-based cavity embedded with InGaAs QWs. This
system exhibits all the important features of polariton
condensation, namely a nonlinear increase of intensity,
along with a linewidth narrowing and the observation of
a second threshold nearly 20 times above the threshold,
clearly marking this phase transition as polariton con-
densation in the strong coupling regime. As this type
of strain compensated microcavity has been shown to
suppress optical disorder and cross-hatched defects, it
emerges as a favourable system for studying the exotic
and ambivalent nature20 of quantum fluid phenomena.
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